In women younger than 45 years, a new form of encephalitis associated with ovarian teratoma and presenting with seizures and psychiatric symptoms has been described. Most patients have antibodies to NR1/ NR2 heteromers of the N-methyl-D-aspartate receptor (NMDAR).
A NEW TYPE OF ENCEPHALITIS
in female patients younger than 45 years has recently been described. 1 The associated syndrome is characterized by an acute organic psychiatric disorder, seizures, dyskinesias, autonomic instability, abnormal cardiac conduction, a decreased level of consciousness, and central hypoventilation, suggesting diffuse brain dysfunctioninmostpatients. 1, 2 Manypatients have an ovarian teratoma, but the disorder may occur without tumor association. 3, 4 The target epitopes are contained in NR1/NR2 heteromers of the N-methyl-D-aspartate receptor (NMDAR). 1 Despite severe and potentially lethal symptoms, most patients experience remarkable improvement after tumor removal and subsequent immunotherapy. 1 This distinguishes this encephalitis from paraneoplastic encephalitides with "well-characterized" onconeural antibodies remote origin, such as a brain malformation or tumor, trauma, central nervous system infection, or idiopathic generalized epilepsy).
Studies included medical history, physical examination, interictal electroencephalography (EEG), cerebral magnetic resonance imaging (MRI), tumor search, routine blood and cerebrospinal fluid (CSF) tests (cell count, protein content, oligoclonal bands, albumin CSF to serum ratio, and IgG CSF to serum ratio for the determination of blood-brain barrier disturbance and intrathecal IgG synthesis according to Reiber 8 ), and studies for the most common neurotropic agents: varicellazoster virus in 19 patients (as assessed by polymerase chain reaction [PCR] and antibodies), herpes simplex virus in 18 (as assessed by PCR and antibodies), human herpesvirus 6 in 14 (as assessed by PCR and antibodies), cytomegalovirus in 10 (as assessed by PCR and antibodies), measles virus in 12 (as assessed by PCR and antibodies), enterovirus in 2 (as assessed by PCR and antibodies), spring summer meningoencephalitis in 11 (as assessed by antibodies), Treponema pallidum in 10 (as assessed by Treponema pallidum particle agglutination assay), and Borrelia burgdorferi in 12 (as assessed by antibodies).
IMMUNOHISTOCHEMICAL ANALYSIS FOR THE DETECTION OF NEURONAL ANTIBODIES
Indirect immunohistochemical analysis was used to screen for autoantibodies in serum and CSF by one of us (C.G.B.). Samples were stored at −20°C until testing. Testing was performed on sections of brains obtained from 28-day-old male Wistar rats (Charles River WIGA Deutschland, Sulzbach, Germany). Rats were anesthetized and perfused transcardially with 4% paraformaldehyde. The brains were removed and kept for 4 hours in 2% paraformaldehyde, then in 20% sucrose overnight at 4°C and subsequently for approximately 3 days in 30% sucrose. They were slowly frozen over isopentane and liquid ammonia and were stored at −80°C. Seven-micrometer-thick sections were cut and mounted on glass slides. For use, they were defrosted and washed in 0.1M phosphate-buffered saline (PBS). As a blocking step, sections were incubated for 30 minutes at room temperature in 10% fetal calf serum in wash buffer (Dako, Hamburg, Germany). Patient serum was applied for 3 hours at 37°C at a 1:500 dilution in the same blocking solution; CSF was used undiluted. After thorough washing in PBS, the sections were incubated for 30 minutes at room temperature with biotinylated anti-human IgG (sheep antibody, Amersham Pharmacia Biotech, Uppsala, Sweden) at a dilution of 1:200 in 10% fetal calf serum in wash buffer. After thorough washing in PBS, avidin peroxidase (Sigma-Aldrich Corp, St Louis, Missouri) at a 1:100 dilution was applied for 30 minutes at room temperature. After another thorough washing step in PBS, labeling was visualized with 3,3-diaminobenzidinetetrahydrochloride (Sigma-Aldrich Corp). Sections were counterstained with hemalum. Using this assay, antibodies to hippocampal neuropil, 9 voltage-gated potassium channel (VGKC) antibodies at high titers, 10 onconeural antibodies, 11 and glutamic acid decarboxylase (GAD) antibodies 12, 13 can be visualized.
OTHER ANTIBODY TESTS
To confirm positive findings, serum samples were tested by means of radioimmunoprecipitation assay for antibodies to VGKC (A.V.) (values of 100-400 pmol/L were regarded as low positive, and values Ͼ400 pmol/L as high positive 10, 14, 15 ), antibodies to antithyroid peroxidase (TPO) (run by the Department of Nuclear Medicine, University of Bonn; reference range, Ͻ40 U/mL), and antibodies to GAD (commercially performed by Labor Limbach, Heidelberg, Germany; reference range, Ͻ0.6 U/mL; "neurologic range," Ͼ70 U/mL). All serum and CSF samples (not only those positive on the immunohistochemical screening test described previously herein) from the women with new-onset epilepsies were also tested for antibodies to NMDAR using immunocytochemical analysis on cultures of neurons (to demonstrate cell surface epitopes) and cells specifically transfected with NR1/ NR2 heteromers, as reported previously. Serum samples from the control patients were tested by means of immunohistochemical analysis (as described previously herein) for antibodies against the neuropil of hippocampus and, if positive, were further studied using specific tests (NMDAR and GAD antibodies); VGKC antibodies were determined in all of them by means of radioimmunoprecipitation assay.
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CONTROL SERIES
STATISTICS
For nominal data, Fisher 2-sided exact tests, and for metric data, 2-sided Mann-Whitney tests, were applied (SPSS 14.0; SPSS Inc, Chicago, Illinois).
RESULTS
Nineteen female inpatients aged 15 to 45 years studied during the 30-month period had otherwise unexplained newonset epilepsy. The remaining 828 female inpatients during this period had chronic epilepsy with a history longer than 5 years (as is commonly found at tertiary care centers), had a distinct lesional epilepsy cause, or were outside the indicated age range. The mean (SD) age of the 19 study patients at assessment was 26 (9) years (range, 16-44 years). At the time of assessment, the mean (SD) disease duration was 1.5 (1.2) years (range, 0.1-4.8 years).
ANTIBODIES
New-Onset Epilepsy Without Obvious Origin
Antibodies reacting with the neuropil of hippocampus were identified in 5 of 19 patients' undiluted CSF; the serum samples (at a 1:500 dilution) of these patients were negative by means of immunohistochemical analysis. Specific tests with NR1/NR2 heteromers of the NMDAR confirmed the presence of these antibodies in all the patients' serum and CSF samples. In all cases using equivalent amounts of serum and CSF IgG, the reactivity was substantially higher in CSF, compatible with intrathecal synthesis of anti-NMDAR antibodies (data not shown). Figure 1 shows the antibody reactivity compared with other antibodies that also immunolabel the neuropil of hippocampus. The NMDAR antibodies predominantly bind to the hippocampus, as previously reported.
Of the 14 patients negative for NMDAR antibodies, 3 were positiveforGADantibodiesbymeansofimmunohistochemicalanalysisandradioimmunoprecipitationassay(titers,100-200 U/mL), all with clinical and neuroradiologic features reminiscent of limbic encephalitis. 13 One patient had MRInegative extratemporal epilepsy with cognitive impairment and was strongly positive for TPO antibodies (2826 U/L) and at the same time was low positive for VGKC antibodies (143 pmol/L) and very low positive for GAD antibodies (3.2 U/mL on radioimmunoprecipitation assay and negative on immunohistochemical analysis). She responded to corticosteroidssuggestingasteroid-responsiveencephalopathy associated with autoimmune thyroiditis (SREAT). 17 Another 2 patients also had MRI-negative epilepsies with psychiatric symptoms and elevated anti-TPO antibody titers but were not treated with corticosteroids. Therefore, a diagnosis of SREAT cannot be made. All serum samples were negative for onconeural antibodies. There was no case of viral or paraneoplastic encephalitis.
Control Cohorts
In the cryptogenic epilepsy control series, antibodies to hippocampal neuropil were found by means of immunohistochemical analysis in 2 patients (CSF in 1 and serum in 1, but only the CSF antibodies were reacting with NMDAR. The sample came from a 22-year-old man with a few weeks of temporal lobe epilepsy (TLE), confusion, delusions, and, finally, stupor. Brain MRI findings, standard CSF variables, and a tumor search (thoracoabdominal computed tomography [CT]) were unremarkable, but TPO antibody levels were abnormal at 939 U/L. The patient recovered completely while taking high-dose oral corticosteroids. The serum sample positive for antibodies to hippocampal neuropil but negative for NMDAR antibodies came from a 69-year-old man with remote posterior cerebral artery infarction; it remained unclear whether his recent-onset epilepsy was related to this postischemic lesion. Other antibodies detected in the cryptogenic epilepsy cohort were reacting with VGKC (6 patients, 5 of whom fulfilled the clinical criteria for limbic encephalitis). 10 The 3 samples with titers greater than 1000 pmol/L reacted on immunohistochemical testing with rat brain neuropil in a diffuse manner, not restricted to the hippocampus; the 3 samples with titers less than 1000 pmol/L were negative by immunohistochemical analysis. In the epilepsy surgery control series, one 29-year-old man with a 7-year history of TLE and a histopathologic diagnosis of hippocampal sclerosis had GAD antibodies (110 U/mL).
Final Diagnoses and Results of Tumor Searches
In the 6 patients who were positive for NMDAR antibodies (including the male patient from the control series), no alternative diagnosis to "anti-NMDAR encephalitis" could be established. In patient 4, multiple neuroendocrine tumors were already known and treated at manifestation of the neurologic syndrome and subsequent dem- In the other 4 patients, extensive searches for tumors were performed. All these patients underwent at least 1 transvaginal ultrasound study, performed by an experienced gynecologist (C.R.), and pelvic MRI. Whole-body CT-positron emission tomography was performed in patients 2 and 4. In patients 3 and 5, ovarian cysts were detected by means of ultrasound and MRI. Follow-up ultrasound studies were performed at different time points during the individual's menstruation cycles. Cysts had regressed and were, therefore, classified as functional. Whole-body positron emission tomography and pelvic MRI showed a suspect area in the left gluteal muscles of patient 2; the structure was removed surgically, and the histopathologic diagnosis was hibernoma (a rare benign tumor that arises from remnants of fetal brown adipose tissue that may be found in muscle and subcutaneous tissue). tent: chest radiograph; abdominal ultrasound; and gynecologic examination, including transvaginal ultrasound; 7 had thoracic and abdominal CT with contrast enhancement and 3 had whole-body positron emission tomography with CT co-registration). No tumors were found.
CLINICAL FEATURES AND PARACLINICAL FINDINGS Disease Duration
The 5 NMDAR antibody-positive patients had a shorter mean (SD) disease duration at assessment than the other 14 young women with recent-onset epilepsies (5 [4] months vs 22 [15] months, P = .02).
The Epilepsies
Semiologic features and interictal EEG findings suggested extratemporal epilepsies in all NMDAR antibody-positive patients, whereas, in the other patients, TLE was diagnosed in 10 patients and extratemporal epilepsy in 4 (P=.01).
The Neuropsychiatric Syndrome
Four of the 5 NMDAR antibody-positive patients had prominent psychiatric signs and symptoms. Such features were present in only 2 of the antibody-negative patients (P=.02). Other neurologic signs were speech dysfunction and a decreased level of consciousness. Features that suggest involvement of subcortical central nervous system structures were present in 2 antibody-positive patients (nystagmus, dyskinesias, dystonia, and hypoventilation) and in 2 antibody-negative patients (dyskinesias). The courses of the 5 antibody-positive patients (mean follow-up, 26 months; range, 15-36 months) are depicted in Figure 2 . Two patients had a relapsing-remitting course with full recovery between disease episodes. The other 3 patients had only 1 disease episode. Altogether, the 5 patients had 10 disease episodes. Four patients had recovered completely at the most recent follow-up. The remaining patient with left temporal EEG abnormalities improved slowly but had a residual speech problem at the most recent follow-up, which was potentially aggravated by topiramate therapy. 21 For a summary, see Table 1 .
Laboratory Findings
These are summarized in Table 2 . Patients positive for NMDAR antibodies more frequently had an elevated CSF cell count than did antibody-negative patients (5 of 5 vs 2 of 14, P=.02).
Response to Treatment
All NMDAR antibody-positive patients were started on antiepileptic medication in the first 2 months of epilepsy onset. Despite that, patients 2 and 5 had seizure relapses. Patients 2, 3, and 5 received corticosteroids or monthly intravenous immunoglobulins. None relapsed while undergoing immunotherapies. On the other hand, patients 1 and 4 were relapse free without ever receiving immunotreatment.
COMMENT
As many as 5 of 19 young women with otherwise unexplained new-onset epilepsies, identified during a 30-month period in a single institution had anti-NMDAR encephalitis. In 4 of these 5 patients, no tumor was found despite thorough investigations (note, however, that follow-up may have been too short to rule out a tumor in all patients). The same holds true for the additional NMDAR antibody-positive male patient from the cryptogenic epilepsy control series. All the patients share many similarities with those found in the largest available series. 7 Our patients had a diffuse central nervous system syndrome rather than one with a clear accentuation of temporal lobe dysfunction (compare with limbic encephalitis); none of our patients had temporomedial MRI abnormalities, and there was CSF pleocytosis. The high frequency of acute psychiatric features was striking in these patients, and it distinguished them from antibody-negative patients. Our patients had a favorable outcome, but this did not necessarily depend on tumor removal or immunotherapy, which also confirms previous study findings. 1, 3 Neuropathological findings in brain biopsy specimens were without distinctive parenchymal inflammatory changes, as in the previous study. 1 The present study, however, extends previous observations. To our knowledge, this is the first prospective series of patients with new-onset epilepsy tested for antibody positivity. The single patient with neoplastic disease did not have an ovarian teratoma but she did have multiple neuroendocrine tumors with NMDAR expression. Functional ovarian cysts in this age group are sometimes not easily differentiated from tumor cysts; therefore, follow-up investigations in doubtful cases could be preferable to immediate surgical interventions. In the cryptogenic control series, only 39% were women, which may diminish its power. However, 1 additional NMDAR antibody-positive patient was detected in this control series (and none among the 11 surgically treated patients with well-defined, focal, noninflammatory epilepsy): a 22-year-old man without evidence of tumor but an otherwise typical syndrome (similar to a previously reported male patient). 4 This additional patient also harbored TPO antibodies, and his disorder was initially classified as SREAT. 17 This diagnosis can now be replaced by the more specific diagnosis of anti-NMDAR encephalitis (an example for the expected reclassification of patients with SREAT into more specific immunologic syndromes due to identification of a new diagnostic category with likely uniform pathogenesis 22 ). Samples from 7 patients (5 from the core group and 2 from the control groups) contained antibodies to hippocampal neuropil, as evident by immunohistochemical analysis, but only 6 were NMDAR antibody positive. This shows that some antibodies to hippocampal neuropil react with different (unknown) antigens. On the other hand, in the core study group of 19 otherwise unexplained new-onset epilepsies in young females, no NMDAR antibody positivity was missed by immunohistochemical screening using CSF.
Several questions remain unanswered. Whereas classic paraneoplastic encephalitis results in tissue loss and irre- versible dysfunction due to T-cell cytotoxicity, 11 an antibodymediated pathogenesis seems plausible in anti-NMDAR encephalitis. 7 An "NMDA hypofunction hypothesis" may explain the clinical features. 3, 23 The demonstration of neuronlike tumor cells expressing NMDAR subunits constitutes a potential (but, given the nonparaneoplastic patients, not necessary) antigenic prerequisite for generation of the antibodies. Myasthenia gravis and Lambert-Eaton myasthenic syndrome have similarities with the described disorder. Both occur in the paraneoplastic and nonparaneoplastic forms, and both are associated with antibodies to cell membrane antigens, which are involved in signal transduction. 24 In these disorders, too, a nondestructive (at least reversible) disease process seems to predominate. Finally, patients with myasthenia gravis and Lambert-Eaton myasthenic syndrome benefit from immunotreatment that modulates or suppresses B-cell function. 25 Similarly, VGKC antibodies in limbic encephalitis have been proposed to exert a functional and, thereby, potentially reversible effect on limbic neurons. 10 It is interesting that, even in the apparently nonparaneoplastic NMDAR antibody-related syndromes described herein, all the patients were younger than 45 years and predominantly female. This contrasts with patients who have VGKC antibodies associated with limbic encephalitis or Morvan syndrome, whose median age at the onset of symptoms is approximately 60 years, with a male to female ratio of approximately 3 to 2 (A.V., unpublished data, 2008).
Finally, there is an emerging group of patients with paraneoplastic and nonparaneoplastic autoimmune encephalitides in association with antibodies to the neuropil of hippocampus. 9, 26 The target antigens are unknown, but by immunohistochemical analysis, some of these antibodies closely resemble NMDAR or VGKC antibodies. 27 Therefore, confirmation using specific tests (NR1/NR2 heteromers of the NMDAR and VGKC for immunoprecipitation) is required for appropriate diagnosis. Further investigations of the epidemiologic features, the pathogenesis, and the effective treatment of this disorder are required. 
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